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(54) SOLAR CELL AND MANUFACTURING METHOD THEREOF

(57) A solar battery according to the embodiment of
the present invention includes an rear electrode formed
on a substrate and separated by an first through-hole;
an light absorbing layer formed on the rear electrode in-
cluding the first through-hole; a second through-hole ex-

Figure 1

posing the rear electrode through the light absorbing lay-
er; a buffer layer formed on the upper surface and the
side surface of the light absorbing layer; a front electrode
layer formed on the buffer layer; and a connection wiring
extending from the front electrode layer and formed with-
in the second through-hole.
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Description
BACKGROUND OF THE INVENTION
1. Technical Field

[0001] The embodiment of the present invention re-
lates to a solar battery and a method for manufacturing
the same.

2. Description of the Related Art

[0002] Recently, as demand for energy increases, a
solar battery for converting solar-light energy into electric
energy has been developed.

[0003] In particular, CIGS-base solar that is a hetero
junction device of a of structure of substrate including a
metal-back-electrode layer, a p- type CIGS-base- light
absorbing layer, a buffer layer, a n-type window layer has
widely been used.

[0004] The rear electrode layer and the n-type window
layer may be connected through a through-hole formed
in the light absorbing layer and the buffer layer.

[0005] Since the through-hole is formed by a mechan-
ical and laser patterning process, there keep particle in
the through-hole, thereby providing a possibility of gen-
eration of a leakage current.

[0006] In addition, the light absorbing layer is formed
at high temperatures, so that a rigid substrate which can
withstand a high-temperature process is used. There-
fore, the substrate may have a limitation in use.

[0007] The embodiment of the present invention pro-
vides a solar battery and a method of manufacturing the
same.

SUMMARY OF THE INVENTION

[0008] The embodiment in accordance with the
present invention includes a rear electrode formed on a
substrate and separated by an first through-hole; an light
absorbing layer formed on the rear electrode including
the first through-hole; an second through-hole exposing
the rear electrode through the light absorbing layer; a
buffer layer formed on the surface of the light absorbing
light; an front electrode layer formed on the buffer layer;
and an connection wiring extending from the front elec-
trode layer and formed within the second through-hole.
[0009] A method of manufacturing a solar battery ac-
cording the embodiment of the presentinventionincludes
forming a rear electrode layer on a support substrate and
forming a first through-hole to separate the rear electrode
each other; forming an light absorbing layer on a carrier
substrate; forming an second through-hole passing
through the light absorbing layer to have the position ad-
jacent to the first through-hole; bonding the support sub-
strate and the carrier substrate to form the light absorbing
layer on the rear electrode layer; removing the carrier
substrate to expose the light absorbing layer; forming a
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buffer layer on the light absorbing layer; forming an front
electrode layer on the buffer layer and forming an con-
nection wiring within a second through-hole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1to Fig. 10is a cross-sectional view show-
ing a method for manufacturing a solar battery according
the embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] In the embodiment of the present invention, in
case that each substrate, a layer, a film, electrode and
the like is formed "on" or "under" each substrate, the lay-
er, the film or the electrode, " on" and "under" mean in-
cluding "directly" or " indirectly" through other compo-
nents In addition, a criteria of "top" and "bottom" will be
described based on the drawings. A size of each com-
ponent in the drawings may be exaggerated for clear
description and does not means the size actually applied
thereto.

[0012] Fig. 1to Fig. 10is a cross-sectional view show-
ing a method for manufacturing a solar battery according
the embodiment of the present invention.

[0013] Referring to Fig. 1, the rear electrode layer 200
and a conductive adhesive layer 300 are formed on the
support substrate 100.

[0014] The support substrate 100 is used as glass and
a ceramic substrate, a metal substrate, a polymer sub-
strate and the like may also be used.

[0015] For example, the glass substrate may use so-
dalime glass or high strained point soda glass. The metal
substrate uses the substrate including stainless steel or
titanium and a polymer substrate may use polymide.
[0016] The support plate 100 may be transparent. In
addition, the substrate 100 may be rigid or flexible.
[0017] In particular, the present embodiment provides
a flexible substrate 100. For example, the support plate
100 may use polymer series such as plastic and the flex-
ible substrate of stainless steel (SUS) series.

[0018] The rear electrode layer 200 and the like may
be made of a conductor such metal and the like.

[0019] Forexample, the rear electrode pattern may be
formed using molybdenum(Mo) as a target by a sputter-
ing process.

[0020] This is why molybdenum (Mo) has a high elec-
trical conductivity, a ohmic junctions and a high temper-
ature stability under Se atmosphere.

[0021] Molybdenum(Mo) thin film, which is the rear
electrode layer, must have an lower specific resistance
as the electrode and must provide excellent adhesive to
the substrate 100 so as not to generate a peeling phe-
nomenon caused by the difference in coefficient of ther-
mal expansion.

[0022] Through not shown in the drawings, the rear
electrode pattern 200 may be formed as at least one lay-
er. When the rear pattern 200 is formed as a plurality of
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layers, a layers composed of the rear electrode pattern
may be formed as different materials.

[0023] The adhesive layer 300 is formed on the rear
electrode layer 200.

[0024] The conductive adhesive layer 300 may be a
conductive adhesive.

[0025] For example, the conductive adhesive layer
300 may a adhesive material with which metal, resin and
frit such as carbon, aluminum and tungsten is mixed.
[0026] The conductive adhesive layer 300 is
1x10-5~10x10-5 in resistivity and is connected electrical-
ly to the rear electrode layer 200. The conductive adhe-
sive layer may be formed as 0.5 to 2pum in range of thick-
ness.

[0027] Referring to Fig.2, a first through-hole passing
through the rear electrode layer 200 and the conductive
adhesive 300 is formed. The through-hole P1 enables
exposure of the upper surface of the support plate 100.
[0028] The rear electrode 200 and the conductive ad-
hesive layer 300 may be divided into several by the first
through-hole P1.

[0029] Therearelectrode layer 200 and the conductive
300 may disposed in a stripe or in matrix form by the first
through-hole P1 and correspond to each cell.

[0030] Meanwhile, the separation pattern 200 is not
limited to the form and may be formed as various forms.
[0031] Referring to Fig. 3, a sub-electrode layer 210
and the light absorbing layer 400 is formed on the carrier
substrate 110.

[0032] The support substrate 110 is made of glass and
a ceramic substrate, a metal substrate, a polymer sub-
strate and the like may also be used.

[0033] The carrier substrate 100 may use a rigid sub-
strate.
[0034] For example, the carrier plate 100 may use so-

da lime glass, non-alkali glass and low-alkali glass may
be used.

[0035] Thecarrier substrate 100 can berelatively thick-
ly formed as compared to the support substrate 100.
[0036] Forexample, the support plate 100 and the car-
rier substrate 110 may be formed to have a thickness of
1:3~10.

[0037] Thisis why the carrier substrate 110 has a thick
and solid property enough to withstand the high temper-
ature process by formation of the light absorbing layer at
the high temperature.

[0038] The sub-electrode layer 210 is formed on the
carrier substrate 110. The rear electrode layer 210 may
be made of a conductor such as metal and like.

[0039] The sub-electrode layer 210 must provide a ex-
cellent adhesive property to the carrier substrate 110 so
as not to generate a peeling phenomenon caused by the
differences in thermal expansion coefficient.

[0040] For example, the sub-electrode layer 210 may
be formed using molybdenum(Mo) as target by a sput-
tering process.

[0041] Meanwhile, the sub-electrode layer 210 may
not be formed.
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[0042] The light absorbing layer 400 is formed on the
sub-electrode layer 210.

[0043] The light absorbing layer 400 may be made of
Ib-11b-VIb base compound.

[0044] In more detall, the light absorbing layer 400 in-
cludes copper-indium-gallium- selenide-base-(Cu(ln,
Ga)Se2, CIGS-base) compound.

[0045] In this contrast, the light absorbing layer 400
may contains cooper-indium-selenide base compound
(CulnSe2, CIS base) or copper-gallium-selenide-base
(CuGaSe2, CIS base).

[0046] In order to the light absorbing layer 400, CIG
base metal precursor is formed on the rear electrode pat-
tern 210 using a copper target, an indium target and a
gallium target.

[0047] Subsequently, a metal precursor film reacts
with selenide(Se) to form CIGS base light absorbing layer
400 using a selenization process.

[0048] In addition, the light absorbing layer 400 may
forms copper, indium, gallium, selenide (Cu, In, Ga, Se)
using coevaporation deposition method.

[0049] The light absorbing layer 400 receives an inci-
dent light from outside and converts the light into electri-
cal energy. The light absorbing layer 400 generates a
light electromotive force by a photoelectric effect.
[0050] The light absorbing layer 400 is formed at an
high temperature of more than 1000°C thereby improving
a crystallinity.

[0051] Referring Fig. 4, the second through-hole P2
passing through the light absorbing layer 400 is formed.
The through-hole P1 enables exposure of the upper sur-
face of the support plate 210.

[0052] The light absorbing layer 400 is separated from
the neighboring light absorbing layer and may be sepa-
rated as cell unit.

[0053] ReferringtoFig.5and Fig.6, abonding process
is performed for the support plate 100 and the carrier
substrate 110.

[0054] The support 100 and the carrier substrate 110
is integrally formed by the bonding process.

[0055] The bonding process may proceed after posi-
tioning to face the conductive adhesive layer 300 formed
on the support plate 100 and the light absorbing layer
400 of the carrier substrate 110.

[0056] In particular, heat and pressure is applied while
performing the bonding process to improve bonding
strength of the support plate 100 and the carrier substrate
110.

[0057] The light absorbing layer 400 may be formed
on the rear electrode layer 200 by the conductive adhe-
sive layer 300.

[0058] Referringto Fig.7, the carrier substrate 110 and
the sub-electrode layer 210 is removed, so that the light
absorbing layer may be exposed.

[0059] The carrier substrate 100 and the sub-electrode
layer 210 are removed from the light absorbing layer 400
by a lift-off.

[0060] Therefore, the rearelectrode layer 200, the con-
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ductive adhesive layer 300 and the light absorbing layer
400 is laminated on the supporting substrate 100.
[0061] Since the conductive adhesive layer 300 is a
conductive material, the rear electrode 200 and the light
absorbing layer 400 may be electrically connected.
[0062] In addition, the first through-hole P1 of the rear
electrode layer 200 and the second through-hole P2 of
the light absorbing layer 400 may be formed adjacent to
each other.

[0063] Forexample, the first through-hole p1 and sec-
ond through-hole P2 have about 80+20um in a first gap
G1.

[0064] As stated above, the light absorbing layer 400
is bonded to the support plate 100 after forming a sepa-
rate carrier substrate 110 to form the light absorbing layer
400 on the rear electrode layer 200.

[0065] In this way, the high-temperature process for
forming the light absorbing layer does not proceed to the
support plate 100, thereby preventing a defect of the sup-
port substrate 100.

[0066] In addition, the support substrate 110 is not ap-
plied to the high-temperate process, so that the support
plate 100 can be to be lightweight and slim.

[0067] In addition, the light absorbing layer 400 is
formed on the carrier substrate 110 to enable the
progress of the high-temperature process, thereby im-
proving the crystallization of CIGS including the light ab-
sorbing layer 400.

[0068] In this way, electrical property for the light ab-
sorbing layer 400 may be improved.

[0069] Referring to Fig.8, the buffer layer 500 and an
high-resistance buffer layer 600 are stacked along the
surface of the light absorbing layer 400.

[0070] The buffer 500 and the high-resistance buffer
layer 600 is selectively formed only on the upper surface
and the side surface of the light absorbing layer 400 to
selectively expose a portion of the conductive adhesive
layer 300 that is the bottom surface of the second
through-hole P2.

[0071] For example, after forming the buffer layer 500
along the surface profile of the light absorbing 400 and
the second through-hole P2, the high-resistance buffer
layer 600 is formed along the surface profile of the buffer
layer.

[0072] Inaddition, ascribing process may be executed
so as to expose the conductive adhesive layer 300 that
is the bottom surface of the second through-hole P2. The
scribing process may perform using a laser and mechan-
ical process.

[0073] In this case, the second through-hole P2 may
expose the surface of the conductive adhesive layer 300,
but may be formed to expose the surface of the rear ex-
trude adhesive layer 200.

[0074] The buffer layer 500 may be formed as at least
one layer on the light absorbing layer 400. The buffer
layer may be formed by the stack on cadmium sulfide
(CdS) through CBD process.

[0075] In this case, the buffer 500 is an n-type semi-
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conductor layer and the light absorbing layer 400 is a p-
type semiconductor layer. Thus, the light absorbing layer
400 and the buffer layer 500 form a p-n junction.

[0076] In particular, the buffer layer 500 is formed to
surround the upper surface and the side surface of the
light absorbing layer 400 to expand the contact area be-
tween the buffer layer 500 and the light absorbing layer
400. In this way, p-n junction area is expanded and may
provide the highly generating rate of light charge.
[0077] In addition, the buffer layer 500 is selectively
only on the surface of the light absorbing layer 400 to
prevent the leakage current between adjacent cells.
[0078] The high-resistance buffer layer 600 performs
the a sputtering process that targets zinc oxide (ZnO),
so that the zinc oxide layer may further formed on a cad-
mium sulfide (CdS).

[0079] The high-resistance buffer layer 600 may be
formed as the transparent electrode on the buffer layer
500.

[0080] For example, the high-resistance buffer layer
600 may be formed as any one of ITO, ZnO and i-ZnO.
[0081] The buffer layer 500 and the high-resistance
buffer layer 600 are disposed between the light absorbing
layer 400 and the front electrode formed thereafter..
[0082] Inotherwords,the bufferlayer 500 and the high-
resistance buffer layer in the middle of two materials may
be necessary to form a good junction because of a sig-
nificant size difference of an energy band gap and a lat-
tice constant.

[0083] In this embodiment, the two buffer layer 500 is
formed on the light absorbing layer 400, but is limited to
this and the buffer layer 500 may be formed as only one
layer.

[0084] Referring Fig.9, the transparent conductive ma-
terial is laminated on the high-resistance buffer layer 600
including the second through-hole P2 to form the front
electrode layer 700.

[0085] When the front electrode 700 is formed, the
transparent conductive material is also inserted into the
second through-hole P2 to form connection wiring 800.
That is, the connection wiring 800 may contact with the
conductive adhesive layer 300.

[0086] The frontelectrode layer 700 performs the sput-
tering process to form aluminum (Al), or alumina (Al203)
doped zinc oxide.

[0087] The upper electrode 700 is a window layer per-
forming the p-n junction the light absorbing layer, wherein
the window layer serves as a function of the transparent
electrode of a front surface of the solar battery to be
formed as zinc oxide (ZnO) having a high light transmit-
tance and high electric conductivity.

[0088] Therefore, the electrode having a low resist-
ance may be formed by doping aluminum or alumina on
zinc oxide.

[0089] A zinc oxide thin film that is the upper electrode
700 includes a method for depositing ZnO target using
RF sputtering method, a reactive sputtering using Zn tar-
getand a metal-organic chemical vapor deposition meth-
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od.

[0090] In addition, ITO (Indium Thin Oxide) having an
excellent electro-optical characteristics may form a dou-
ble structure deposited on zinc oxide thin film.

[0091] Eachcellis connected to each other by the con-
nection wiring 800. That is, the connection wiring 800
may electrically and physically connects the rear elec-
trode 200 and the front electrode layer 700 of cell adja-
cent to each other.

[0092] Although not shown in Drawings, the connec-
tion wiring 800 may keep in direct contact with the rear
electrode layer 200 through the second through-hole P2.
In a way, the contact property of the connection wiring
800 and the rear electrode layer 200 may be improved.
[0093] The buffer layer 500 and the high-resistance
buffer layer 600 are formed around the connection wiring
800 to improve the electrical bonding property, thereby
providing a desirable current movement.

[0094] Thatis, the buffer layer 500 and the high-resist-
ance buffer layer 600 are disposed between the light ab-
sorbing layer 400 and the connection wiring 800 to com-
pletely block the generation of the leakage current and
a series resistance component is reduced to improve an
electrical property.

[0095] Referring to Fig. 10, the third through-hole P3
passing through the front electrode 700, the high-resist-
ance buffer layer 600, the buffer layer 500 and the light
absorbing layer 400 are formed.

[0096] The third through-hole P1 may selectively ex-
poses the rear electrode layer 200. The third through-
hole P3 may be configured to be adjacent to the second
through-hole P2.

[0097] For example, the first through-hole P2 and the
third through-hole P3 have about 8020 pum in a first
gap G2.

[0098] The third through-hole P3 may be formed by a
layer irradiation method or a mechanical method such
as a tip.

[0099] Therefore, the light absorbing layer 400, the
buffer layer 500, the high-resistance buffer layer 600 and
the front electrode layer 700 may be separates as unit
cell.

[0100] According to the embodiment of the present in-
vention provides an improved electrical characteristics.
[0101] In particular, a CIGS light absorbing layer for
generating a photoelectromotive force is patterned as a
cell unit and a buffer layer is formed on an exposed sur-
face, thereby preventing a leakage current.

[0102] In addition, a photocharge generating rate can
be improved the joint area of the light absorbing layer
and the buffer layer are expand.

[0103] Moreover, after the light absorbing layer is
formed separately on the carrier substrate, a support sub-
strate in which the rear electrode layer is formed may be
bond to the light absorbing layer.

[0104] Accordingly, the support substrate can use var-
jous substrates, that is, a hard or flexible substrate. In
addition, the substrate may be slim and lightweight to be
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applicable to various areas.

[0105] Moreover, the light absorbing layer is formed
on the carrier substrate and enables a high-temperature
process, so that the degree of crystalinity of the light ab-
sorbing layer may be improved.

[0106] In this way, the electrical property for the light
absorbing layer may be improved.

[0107] The solar battery according to the embodiment
is applicable to various substrates, that is, a hard sub-
strate or a flexible substrate.

[0108] Itis appreciated that can be carried out in other
specific forms without changing a technical idea or es-
sential characteristics by one having ordinary skilled in
the art to which the present invention pertains to. There-
fore, embodiments described above are for illustration
purpose in all respect but not limited to them. The scope
of the present invention is represented by claims de-
scribed below rather than the detailed description, and
any change and variations derived from the meaning, the
scope and the concept of equality of claims should be
interpreted to be included to the scope of the present
invention.

[0109] In addition, although the preferred embodi-
ments of the present invention are shown and described
above, the present invention is not limited to above-de-
scribed specific embodiment and is variously modified
by one skilled in the art without the gist of the present
invention claimed in the claim, such that the modified
embodiment is not to be understood separately from
technical ideas or views of the present invention.

Claims

1. A solar battery comprising;
a rear electrode formed on a substrate and separat-
ed by an first through-hole;
a light absorbing layer formed on the rear electrode
including the first through-hole;
a second through-hole exposing the rear electrode
through the light absorbing layer;
a buffer layer formed on the upper surface and the
side surface of the light absorbing layer;
a front electrode layer formed on the buffer layer;
and a connection wiring extending from the front
electrode layer and formed within the second
through-hole.

2. The solar battery of claim 1, wherein,
further includes a conductive adhesive layer formed
on the rear electrode.

3. The solar battery of claim 1, wherein
the substrate includes a flexible substrate or a rigid
substrate.

4. The solar battery of claim 1, wherein
the substrate includes the polymer substrate or a
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stainless substrate

The solar battery of claim 1, wherein
further includes an high-resistance buffer layer
formed on the surface of the buffer layer.

The solar battery of claim 2, wherein
The resistivity of the conductive bonding layer is
1x10-5~10x10-5 Qcm.

The solar battery of claim 1, wherein
The first through-hole and the second through-hole
is formed at intervals of 60 to 100 wm.

The solar battery of claim 2, wherein
the conductive adhesive layer have a thickness 0.5
to 2 pm.

A method for manufacturing a solar battery compris-
ing;

forming a rear electrode layer on a support substrate
and forming a first through-hole to separate the rear
electrode each other;

forming an light absorbing layer on a carrier sub-
strate; forming an second through-hole passing
through the light absorbing layer to have the position
adjacent to a first through-hole;

bonding the support substrate and the carrier sub-
strate to form the light absorbing layer on the rear
electrode layer;

removing the carrier substrate to expose the light
absorbing layer;

forming a buffer layer on the light absorbing layer;
forming an front electrode layer on the buffer layer
and forming connection wiring within a second
through-hole.

The method for manufacturing a solar battery of
claim 9, wherein,

forming the conductive bonding layer on the rear
electrode layer of the support substrate.

The method for manufacturing a solar battery of
claim 10, wherein

The conductive bonding layer forms a mixture of met-
al power and resin as carbon, aluminum, tungsten
and the like and a resistivity of a conductive bonding
layer is 1x10-5~10x10-5 Qcm.

The method for manufacturing a solar battery of
claim 10, wherein

The support substrate is formed as a flexible sub-
strate of a polymer or stainless series,

the carrier substrate is formed as a rigid substrate
of soda lime glass, non-alkali glass and low alkali
glass.

The method for manufacturing a solar battery of
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14.

15.

16.

17.

10

claim 9, wherein

forming a sub-electrode layerincluding molybdenum
prior to forming the lightabsorbing layer on the carrier
substrate.

The method for manufacturing a solar battery of
claim 9, wherein
the buffer layer is formed as a plurality of layers.

The method for manufacturing a solar battery of
claim 14, wherein

the plurality of buffer layers are formed to have a
different value in each resistance if the buffer layer
is formed as the plurality layers.

The method for manufacturing a solar battery of
claim 9, wherein

forming a third through-hole passing through the rear
electrode layer, the buffer layer and the light absorb-
ing layer.

The method for manufacturing a solar battery of
claim 16, wherein

the gap between the first and the second through-
hole and the gap between the second through-hole
and the third through-hole are formed at an internal
of 60 to 100 wm 18. The method for manufacturing
a solar battery of claim 9, wherein

the carrier substrate is formed as 3 to 10 times the
thickness of the support substrate.
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